Decision support systems (DSS) have been extensively used in the management of natural resources for nearly two decades. However, practical difficulties with the application of DSS in real-world situations have become increasingly apparent. Complexities of decision making, encountered in the context of ecosystem management, are equally present in sustainable forestry. Various writers have criticized the classical rational/technical solutions commonly employed in DSS and have proposed new approaches based on consensus building, collaborative learning, and social DSS for example. We propose that rational models provide necessary, but not sufficient, tools for effective decision support of sustainable forestry. On this basis, we hypothesize that rational models are not intrinsically limiting as some have suggested. Rather, perceived limitations of rational models in contemporary DSS might be more a consequence of our methods or of how we have chosen to employ them. Using the Ecosystem Management Decision Support System as an example, we describe how solutions based on rational methods can be integrated with new approaches such as collaborative learning to better cope with the practical difficulties of decision support for sustainable forestry. _______________________________________________________________________
Introduction
Decision support systems (DSS) have evolved significantly during the last four decades. However, their capabilities are still very limited. Elgarah et al. (2002) , for instance, writing on a project to develop a DSS for decision making on urban infrastructure for the city of Houston, report that they "know of no DSS design methodology suitable for use in such a complex, conflict-filled situation as this." This sort of observation is somewhat disturbing in the face of decades of research and practice on DSS. This article proposes some remedies to this situation.
The major reason for the current shortcomings of DSS, we argue, has to do with the technocentric nature of the development of these systems. Similarly, ecosystem management (EM), since its inception more than a decade ago, has been dominated by a view that characterizes ecosystem management as a "wicked problem." Examining these views might provide fresh insights and may be a first step toward alternative ways of thinking about decision making in ecosystem management in general and forest sustainability in particular.
We continue in the next section with a brief overview of EM and its relation to sustainable forestry, and introduce possible alternative formulations of EM based on the notion of resilience. We then review current proposals for improving decision making in ecosystem and natural resource management, briefly introduce the Ecosystem Management Decision Support (EMDS) system, and discusse specific examples of how enhancements can be implemented. The final section discusses some implications of the alternative approaches for models such as EMDS.
Ecosystem management and sustainable forestry
Ecosystem management is a relatively new and popular conceptual framework for land and forest management. Although a shared understanding of this framework is far from attainable, there is a consensus that the goal of EM is to create a balance between the longterm protection of the natural environment and the current use of its resources for improving the quality of life of a growing human population (Rauscher 1999) . This formulation of the goal also reveals an inherent tension within the notion of EM, which manifests itself both in the formulation of the "EM problem" and in the characterization of the relation between its two major components -namely, "ecosystem" and "management."
Traditionally, approaches to EM fall into one of two categories (Bousquet & La Page 2004 ):
• Ecological: an ecological system subject to anthropogenic disturbance.
• Economical: a social system subject to natural constraints.
In the first approach, scientists focus on the dynamics of the resource, while managers focus on sustained exploitation; in the latter, scientists focus on maximization of resource usage, assuming the same decision model for all actors. Recently, there is a trend toward an integrated and interactive approach that substitutes interactions among all actors for the traditional dynamics under constraints (ibid). This trend is best captured in the notion of "resilience," which integrates the social and natural environments. Resilience, as applied to ecosystems, or to integrated systems of people and the natural environment, provides these systems with stability as well as a capability for self-organization, learning and adaptation. We consider these to be crucial features of sustainable forestry as well, and suggest that DSS for sustainable forestry should be of such character as to support and enhance resilience. Current DSS used in forestry often apply rational models of decision making such as multicriteria evaluation. By rational models, we mean any DSS system or system component that uses a framework or procedure to implement a form of formal reasoning such as decision or logic modeling. We call these basic rational models, because they provide the decision-maker with basic necessary tools for dealing with situations such as those in sustainable forestry, but they may not be sufficient to account for the full complexity of such situations. To be sufficient, they need certain enhancement. Various alternatives have been proposed to the rational models, and we will draw upon some of these alternatives to suggest enhancements to the basic model.
Approaches to enhancing the basic rational model
Various new approaches to decision support have recently emerged within and outside ecosystem management. This section reviews three approaches -namely, agent-based, learning, and dialectic models. For each, we briefly describe the underlying principles that motivate the approach, give an overview of how each is implemented, and in the section, "Application to the EMDS system," provide brief examples of how these approaches could be employed in the EMDS context to better address some of the difficulties surrounding decision support for sustainable forestry noted earlier.
Multiagent-based Simulation
Multi-agent-based simulation (MABS) is an approach that is gaining a lot of momentum in ecosystem management, especially in Europe. As its name implies, it involves two major components: multi-agent systems (MAS) and simulations. The notion of "agent" used in this approach originates in AI and computer science, where an agent is viewed as anything that can perceive its environment through sensors and act upon the environment through actuators (Bousquet and Le Page 2004) . Thus, a human being, a robot, and a software process are each examples of agents. Multi-agent systems (MAS) typically involve several to many heterogeneous agents that share a common environment, resources, and knowledge, that communicate with each other, and are controlled in a distributed manner. The idea of simulation is also used for modeling ecosystems and controlled experimentation Learning Models
Another class of models of decision making adopts a framework centered on human skills and capabilities such as observation, learning, negotiation, and so on. These models come in different flavors and have distinct labels -e.g., consensus building, collaborative learning, social DSS, participatory DSS, etc. -but they are based on similar insights and premises.
Consensus Building
Consensus-building models try to provide a structured environment to explore the intensity and source of conflict and to generate compromise alternatives among multiple decision makers (Feick and Hall 1999) . Like basic rational models, consensus building is based upon the evaluation of a set of alternatives according to a number of relevant criteria. In distinction from those models, however, consensus building recommends a flexible, interactive, and transparent mode of decision-making, and supports methods that expose the preferences and objectives of multiple decision-makers.
Collaborative Learning
Another approach within this group, called collaborative learning (Daniels and Walker 1996) , tries to respond to both scientific and political realities by putting emphasis on mutual learning. Because "no single party, agency, organization or discipline holds the key to understanding a particular resource management situation," these authors argue, it is crucial that the various participants learn from one another. That is why negotiation, as "joint decision-making among parties with interdependent yet incompatible interests," is a central component of this approach.
Social DSS
A third approach, called social DSS, tries to "facilitate the integration of diverse views into a growing knowledge base" (Turoff et al. 2002) . This approach is mostly suited for situations that involve numerous participants.
The Dialectic Approach
The dialectic approach attempts to accommodate conflicting views into the design process itself (Elgarah et al. 2002) . This is done through a dialectic process, in which a thesis that is initially formed on the basis of some mental model of the situation is later negated to form an antithesis. The synthesis then emerges as a result of debate and dialogue between the two opposing views. Ideally, the synthesis resolves the conflict, but practically the dialectic process continues on an iterative basis.
Application to the EMDS system
EMDS is a decision support system for integrated landscape evaluation and planning (Reynolds et al. 2003) . It has been used in various applications for ecosystem management, including decision support for sustainable forestry (Reynolds 2001) . The system provides decision support for landscape-level analyses through logic and decision engines integrated with the ArcMap® component of the ArcGIS geographic information system (Environmental Systems Research Institute, Redlands, CA) 1 . The logic engine evaluates landscape data against a formal logic specification, designed in the NetWeaver Developer® System (Rules of Thumb, Inc., North East, PA), to derive logic-based interpretations of ecosystem conditions such as sustainability. The decision engine evaluates NetWeaver outcomes, and data related to external logistical considerations such as feasibility and efficacy of land management actions, against a decision model for prioritizing landscape features built with its development system, Criterium DecisionPlus® (CDP, InfoHarvest, Seattle, WA). CDP models implement the analytical hierarchy process (AHP, Saaty 1992), the simple multi-attribute rating technique, or a combination of the AHP and SMART methods. Knowledge representation in both of these EMDS components clearly conforms to the concept of a rational model. For subsequent discussion, it also is useful to note that both the NetWeaver and CDP development systems use graphical design for model construction, and that model design can be performed by individuals or groups.
Working with logic and decision models Each alternative discussed in "Approaches to enhancing the basic rational model" includes aspects that could be used to enhance the use of logic models as they are implemented by EMDS. In collaborative learning, for instance, people come together on the basis of common objectives and interests. Similarly, there is no reason why methods and principles of the dialectic approach could not be implemented. For example, a single logic model can contain multiple representations that would support a dialectic approach to decision-making. In developing the logic model, a group of individuals might generate two or more variants of model components with a common core. Evaluating such variants side by side within a single logic model, participants, acting as agents in the sense of MABS, can go through a reasoned decision-making process that might eventually lead to a shared logic model. However, even in contexts in which views and opinions are so divergent that realizing a shared representation may be beyond reasonable expectations, logic models can still serve a useful role by helping participants gain a better understanding of the basis for contrasting perspectives, thus helping to clarify the points of agreement and disagreement and better focus discussions. Finally, in terms of social DSS, logic models can be implemented as internet-based applications, designed for broad public access, and represented in a format that is easily understandable for the public. The issue, in the latter case, would be one of interface design for ease of communication and comprehension of concepts, not one of basic model structure. Similar observations can be made about the enhancement of decision models.
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